INTRODUCTION

Background Nonpoint Sources
In 1972, Congress mandated through Section 208 of Public Law 92-500, the Federal Water Pollution Control Act Amendments (FWPCAA) that the surface waters of the United States shall be "fishable and swimmable" by 1983 (92d Congress, 1972) . The states must identify and establish programs to improve water quality to reach this goal. It was evident that water-quality goals established by the FWPCAA could not be attained by regulation of only point sources and that nonpoint sources could be major contributors to water-quality degradation (Donigan and Crawford, 1976) .
Nonpoint sources of pollution are diffuse discharge of pollutants that cannot readily be identified as point sources and include storm water and snowmelt runoff from urban and rural land surfaces, livestock operations, and construction activities. Although substandard septic systems are categorized as point sources, because of their minor contribution to the total nutrient load, nonpoint sources, as used in this report, include these septic systems.
The Wisconsin Department of Natural Resources (DNR) has been designated as the State agency responsible for water-quality protection in Wisconsin (Department of Natural Resources, 1976) and has a primary role in meeting the FWPCAA requirements. However, in order to assess nonpoint-source effects on water quality, a data base must first be established. Toward this goal, the U.S. Geological Survey, in cooperation with the DNR, began a study in 1977 to define the water quality in several areas where water quality has been degraded by nonpoint sources.
The first area chosen for study was Steiner Branch basin in Lafayette County near Blanchardville in southwest Wisconsin. That study ended in 1979 and the results published in the report "Water-Quality Assessment of Steiner Branch Basin, Lafayette County, Wisconsin" by Stephen J. Field and R. A. Lidwin.
In 1978, the Wisconsin Legislature enacted the Wisconsin Nonpoint Source Water Pollution Abatement Program (Wisconsin Fund). The program works through "priority watersheds" to provide cost sharing and technical assistance to individual property owners, cities, and villages for the control of nonpoint sources of water pollution. The area must be designated as a priority watershed to be eligible for cost sharing and technical assistance under the Wisconsin Fund. The watersheds are selected through a three-step process involving an impartially ranked list of watersheds, regional advisory groups, and the State Nonpoint Coordinating Committee. The second basin chosen for study was the Onion River basin in eastern Wisconsin (1979-81) . The third basin chosen for study and the subject of this report was the Elk River basin located in Trempealeau and Buffalo Counties about 25 mi south of Eau Claire in west-central Wisconsin ( fig. 1 ).
The drainage area of the Elk Creek basin is 113 mi2 . Bugle Lake, a manmade recreational lake that has a surface area of 35 acres, is 0.3 mi upstream from the mouth and also has a drainage area of 113 mi2 . Tributaries to Elk Creek include: Borst Valley, Chimney Rock, Bruce Valley, and North Branch Creeks. An intensive water-quality-observation program was conducted by the U.S. Geological Survey in cooperation with the DNR from October 1979 to September 1980. Two water-quality and stream-discharge monitoring sites were selected, one on Elk Creek 3.2 mi upstream from the mouth and the other on Bruce Valley Creek, 0.9 mi upstream from the mouth ( fig. 1 ). The drainage areas at the gaging stations are 108 mi2 and 10.1 mi2 , respectively.
The Elk Creek basin was identified in 1971 by the DNR as having many streams with water quality seriously degraded by contaminants entering the streams from nonpoint sources (Department of Natural Resources, Trempealeau County Soil and Water Conservation District, 1979) . Elk Creek had high phosphorus and nitrogen concentrations caused by sediment and nutrients entering the stream from upland erosion and livestock waste. High fecal-coliform counts, caused by animal feces and improper waste management were also reported by the DNR. Several small tributaries in the upper Elk Creek basin were found to have water quality acceptable for most uses, whereas Bruce Valley Creek had the worst problems. The Trempealeau County Soil and Water Conservation District, in cooperation with assisting agencies, in 1978 found streambank and upland agricultural erosion a significant source of sediment to the streams and that a significant amount of animal waste entered the Elk Creek stream system.
Purpose
The purpose of this report is to define water quality in relation to streamflow in Elk and Bruce Valley Creeks. The period of study was from October 1979 to September 1980. Specific objectives include determination of (1) streamflow, (2) the annual loadings of suspended sediment, nitrogen, and phosphorus; (3) water temperature and dissolved-solids concentrations; and (4) miscellaneous water-quality characteristics, including dissolved oxygen, pH, trace metals, alkalinity, and chloride.
average annual precipitation is 31.7 in., with February the driest month (0.80 in.) and June the wettest month (4.58 in.). Snowfall averages 49.7 in. annually (U.S. Department of Commerce, 1981) .
PHYSICAL SETTING
Geography
Topography
Elk and Bruce Valley Creek basins have welldeveloped drainage systems with topography consisting of rolling to steep farmland and woodland. The stream and the topography looking upstream from each gaging station are shown in figure 2.
The elevation of the drainage divide of the Elk Creek basin is about 1,260 ft, whereas that of Bruce Valley Creek is about 1,120 ft. The elevations of the streambed at the gaging stations are about 790 and 845 ft, respectively.
Stream-Channel Characteristics
The main channel of Elk Creek, from the headwaters basin divide to the gaging station near Independence, is 17.2 mi in length and has a gradient of 27.3 ft/mi. The length of the main channel of Bruce Valley Creek from the headwaters basin divide to the gaging station near Pleasantville is 5.54 mi with a gradient of 49.6 ft/mi. Elk Creek is about 75 ft wide and about 2 ft deep at the gaging station during low-flow conditions. The stream bottom consists of sand, silt, clay, and cobbles. Bruce Valley Creek is about 15 ft wide and about 1 ft deep at the gaging station during low-flow conditions. The stream bottom of Bruce Valley Creek also consists of sand, silt, clay, and cobbles.
Climate
The climate of the basin is a continental type and has four definite seasons (Wisconsin Department of Agriculture, 1961) . Winters are cold and snowy; summers have periods that are hot and humid. Monthly mean air temperatures at Blair ( fig. 1 ) range from 14.3° for January to 71.1° in July. The mean annual temperature is 44.7°. The
Geology
The Elk Creek basin is in the "Driftless Area", an area of the State that was probably not glaciated during the Pleistocene Epoch (Thwaites, 1950) . The lower part of the stream valley formed by Elk Creek contains deposits of unconsolidated material more than 100 ft thick. Much of this material is alluvium, mainly very fine-grained sediment ranging from clay to medium sand, derived locally by erosion of the Cambrian sandstones. A thin blanket of windblown silt (loess) covers the basin from 0.5 to 4 ft thick (Young and Borman, 1973) . The predominant surface bedrock in the basin is sedimentary rock of Cambrian age. The Jordan Sandstone Member and the St. Lawrence Member (either dolomite or siltstone) of the Trempealeau Formation are present in the uplands along the northern border of the basin. Elsewhere in the basin, the underlying Franconia Sandstone and the Eau Claire Sandstone form the main bedrock of the undulating uplands and are underlain by Mount Simon Sandstone. Mount Simon Sandstone forms the bedrock in the lower part of the stream valley (L.C. Trotta, oral commun., 1982).
Soils
Soil associations in the Elk Creek basin, as described by Langton (1977) , are mostly of the Fayette-LaFarge-Eleva association. In general the stream and river terraces upstream of Chimney Rock Creek in the eastern part of the basin are mainly soils of the Billett-Sparta-Gotham association. In the northern and western part of the basin the valley bottoms or streams and river terraces are soils of the Ettrick-Pillot-Meridian association. This association includes soils that are poorly drained and that are well drained; the subsoil consists of loam to silty clay loam over silt loam and sand. sandy loam to silty-clay loam and are moderately deep to deep over sandstone. The stream and river terraces are soils of the Billett-Sparta-Gotham association. These soils are well drained to excessively drained soils that have a subsoil of sandy loam to loamy sand over sand.
Land Use
Agriculture is the principle land use in the Elk Creek basin (Department of Natural Resources, 1979) with dairy farming the main enterprise.
Land use in the basins is shown in table 1.
SAMPLING NETWORK AND DATA-COLLECTION METHODS
Sampling stations to measure streamflow, temperature, and specific conductance were installed in October 1979 at Elk Creek near Independence and at Bruce Valley Creek near Pleasantville. Isco Model 1 1680 automatic water samplers were installed to collect samples during storm runoff for analyses of suspended-sediment and nutrient concentrations. During nonstorm periods, a local observer collected weekly suspended-sediment samples.
Elk Creek is tributary to the Trempealeau River. A stream-gaging station on the Trempealeau Precipitation records were obtained from the National Weather Service station at Blair ( fig. 1) . Recording rain gages were also located at the gaging stations but were operated only during ice-free periods.
Selected samples were removed from the automatic samplers as soon as possible after a storm and treated with 10 percent sulfuric acid to a pH less than 2.0 to inhibit biological activity. They were then chilled to 4°C by a local observer. In general, four samples treated with sulfuric acid and four untreated samples were selected throughout the stream-discharge hydrograph for each storm. Those treated with sulfuric acid were analyzed by Wisconsin's State Laboratory of Hygiene for:
Nitrite plus nitrate nitrogen Organic nitrogen Ammonia nitrogen Phosphorus
The four untreated samples were filtered and analyzed for: Chloride Alkalinity Dissolved solids, residue at 180°C Samples were selected from the remaining bottles for suspended-sediment analyses. All water-quality concentrations (except organic nitrogen and suspended sediment) and tables for water temperature, specific conductance, and suspended sediment were published in the Water Resources Data for Wisconsin, Water Year 1980 (U.S. Geological Survey, 1981).
To insure that the automatically collected samples represented the average quality of water in the stream cross section, several stream cross-section samples were manually collected concurrently with automatically collected samples and covered a range of stream discharge. These samples were collected by the equal-width-increment method described by Guy and Norman (1970).
The dissolved-oxygen concentrations and pH were determined in the field at the time of sampling using the Leeds and Northrup model 7417 pH meter and the Yellow Springs model 54 dissolved-oxygen meter.
HYDROLOGIC CONDITIONS DURING STUDY PERIOD
Hydrologic conditions in the basin were assessed throughout the study to evaluate the waterquality data that were collected. Precipitation and streamflow are two important factors to be considered in this evaluation.
Precipitation
Total precipitation recorded at Blair for the 1980 water year was 43.0 in. This amount was 36 percent above the annual normal of 31.7 in. based on 30 years (1941-70) of record. August had the greatest monthly precipitation (10.97 in.) and February had the least (0.33 in). The maximum daily precipitation was 2.50 in. on May 31, 1980. Based on the discharges for Trempealeau River at Dodge, discharges during the 1980 water year were 28 percent above the average for the periods 1915-19 and 1935-81. The maximum discharge was slightly greater than a flood of a 2-year recurrence interval (Conger, 1981) . The minimum 7-day low flow was greater than the average 7-day low flow that occurs on the average of once every 2 years (Q7 2) and was at about the 66 percent flowduration level (Holmstrom, 1979 In order to determine if the precipitation was uniform for both basins the runoff of Elk Creek was compared to that of Bruce Valley Creek with a double mass-accumulation curve (fig. 4) . The relationship is essentially a 45° line that shows comparable runoff for both stations and indicates uniformity of precipitation on the basins during the study.
Streamflow
WATER QUALITY
Chemical and Physical Characteristics
The chemical composition of dissolved-solids and their discharge-weighted concentrations in water in Elk and Bruce Valley Creeks are typical of streams in west-central Wisconsin.
Nutrients and Suspended Sediment
Surface Runoff Chemical data and particle-size distribution of suspended sediments and bed material are given in tables 6, 9, and 10. Suspended-sediment and nutrient loads computed by streamflow and concentration integration techniques described by Porterfield (1972) are given in tables 11-20. The loads of nutrients and suspended sediment for the individual runoff events sampled are shown in table 4. At Bruce Valley Creek, 9 storms were sampled during the 1980 water year and at Elk Creek 10 storms were sampled.
During the periods March 16-20, 1980, and September 18-26, 1980, most of the suspended sediment, organic-nitrogen, and total-phosphorus loads were transported; concentrations of these constituents also were generally the highest during these times. In Bruce Valley Creek, 22 and 30 percent of the suspended-sediment, 29 and 19 percent of the organic-nitrogen, and 21 percent (both periods) of the total-phosphorus annual loads were transported during the respective periods. In Elk Creek, 27 and 12 percent of the suspended sediment, 14 and 12 percent of the organic-nitrogen, and 11 and 13 percent of the total-phosphorus annual loads were transported during the respective periods. Most of the annual ammonia-nitrogen load, 46 percent at Bruce Valley Creek and 36 percent at Elk Creek, was transported during the March 16-20 period.
The high ammonia-nitrogen loads in the spring probably are due to manure in runoff from barnyards and frozen ground. High ammonia-nitrogen loads also occurred in the Onion River during the 1980 spring runoff (Field and Lidwin, in review). High ammonia-nitrogen concentrations can be expected during the spring because the manure is available, having been spread on snow-covered fields during the winter and nitrification (the biological oxidation of ammonia to nitrate by nitrifying bacteria) approaches zero at temperatures below 10°C. Optimal temperature for nitrification is 25° to30°C (Velz, 1970 This large rise in specific conductance with a small increase in stream discharge could be due to the presence of feedlots or material such as manure in close proximity to the stream. Stored road salt or accumulations of other soluble material could also be the source of the dissolved solids. These sources could receive a quick "flush" from a small amount of rain. The small volume of surface runoff resulting would be insufficient to dilute greatly the increased dissolved material. With a large increase in stream discharge, any added dissolved material could be greatly diluted by the large volume of runoff water of relatively low dissolved solids.
Elk Creek demonstrated a typical response of specific conductance to stream discharge increases and decreases except for the unusual rise in specific conductance on the trailing limb of the hydrograph from the September 19 storm. This rise is due to the increase in dissolved solids possibly from a tributary or a point source far upstream from the gaging station.
Heavy Metals
The whole-water analyses of September 26 showed low concentrations of total arsenic, copper, lead, and zinc. No cadmium was found.
Temperature
Water temperatures were measured continuously at both stations during the study period. The daily maximum, minimum, and mean values are shown in tables 21 and 22. Both streams were ice covered for part of the winter period.
Miscellaneous
Results of analyses of miscellaneous waterquality samples for Bruce Valley and Elk Creeks are shown in tables 9 and 10. The dissolved-oxygen concentration, pH, and water temperatures are given in table 6.
Both streams are slightly alkaline, with the pH at Bruce Valley Creek ranging from 6.9 to 8.0 and alkalinity as calcium carbonate ranging from 22 to 72 mg/L. At Elk Creek the pH ranged from 7.3 to 8.0 with alkalinity as calcium carbonate ranging from 29 to 92 mg/L.
Relation of Suspended Sediment and Nutrients to Streamflow
The suspended-sediment, ammonia-nitrogen, organic-nitrogen, and total-phosphorus yields were highest at Bruce Valley Creek but nitrite plus nitrate-nitrogen yields were highest at Elk Creek. A summary of the suspended-sediment and nutrient yields for Elk and Bruce Valley Creeks are given in table 4.
The suspended-sediment and nutrient yields for the 1980 water year for Elk and Bruce Valley Creeks probably are higher than the long-term averages because .the stream discharges in 1980 were 28 percent above normal and precipitation was above normal by 11.31 in. However, the suspendedsediment yields for Elk and Bruce Valley Creeks are about the same as the long-term average of 200 tons/mi2 for the Trempealeau River at Arcadia, Wis., (upstream of Trempealeau River at Dodge, Wis.) as reported by Hindall (1975). The total sediment load discharged to Bugle Lake from Elk Creek was 25,100 tons during the 1980 water year. This translates to an average yield of 222 tons/mi2 from the basin. The total load was obtained by adjusting the suspended load at the Elk Creek gaging station to account for unmeasured load. Unmeasured load was estimated to be about 18 percent of the total sediment load. This estimate was based on application of the modified Einstein procedure (Stevens, 1978) to suspended sediment, bed material, and hydraulic data collected at the Elk Creek gaging station during the storms of August 8 and September 21. Double-mass curves were constructed to analyze the loading characteristics of sediments and nutrients for Elk and Bruce Valley Creeks. By plotting the cumulative monthly constituent yield (figs. 6-8) against cumulative inches of runoff, comparisons can be made between stations and seasonal changes in loadings become apparent as well. The steeper the curve, the higher the loading.
Date
The slopes of the curves for suspended sediment show little difference between the two stations, except during the month of September, when Bruce Valley Creek shows, higher loading rates than Elk Creek. Runoff for September at both stations was similar but the rain gage at Bruce Valley for September 19, 1980, showed a greater storm intensity (0.80 in. in a 30-minute period) than at Elk Creek (0.60 in. in a 30-minute period). This may have caused the loading rates for September at Bruce Valley Creek to be greater than at Elk Creek.
The curves for total phosphorus, ammonia nitrogen, and organic nitrogen were steepest for Bruce Valley Creek and indicate higher loading rates than for Elk Creek. Nitrite plus nitratenitrogen curves were steepest at Elk Creek, probably because of the higher base flows. Ammonianitrogen loadings were greatest during the months of January and March and may reflect runoff from manure spread on frozen ground.
In general, the curves for nitrite plus nitrate nitrogen and ammonia nitrogen tend to flatten out during the growing season because of the uptake of the nutrients by plants and aquatic biota. The slopes of the phosphorus and organic nitrogen curves more closely resemble those of the suspended-sediment curves because of the sorption of phosphorus on the sediment particles and because organic nitrogen is transported in a manner similar to that of suspended sediment.
Criteria
The response of organisms to phosphorus and ammonia-nitrogen concentrations are the basis for the establishment of water-quality criteria and standards as well as the basis for management recommendations.
Most ammonia-nitrogen concentrations at Elk and Bruce Valley Creeks did not exceed the DNR criterion of 0.04 mg/L of un-ionized ammonia (NH 3~N) (Schuettpelz and Harpt, written commun., 1980) for protection of freshwater aquatic life. Concentrations of un-ionized ammonia can be determined from analyses of ammonia nitrogen (NH3 + NH4 + ) if the pH and water temperature of the samples are known. The resulting concentrations, however, may be low due to possible loss of gaseous ammonia from the sample before analysis. Only the sample at Bruce Valley Creek on March 18 at 1500 may have exceeded the DNR criterion. For that sample, an estimated concentration of un-ionized ammonia (NH 3"N) of 0.04 mg/L was used, based on the recorded water temperature of 1.6°C and assuming a pH of 8.0. No samples from Elk Creek exceeded the DNR criterion. However, the sampler was inoperative for the March 18 runoff and there is a possibility that ammonia levels for that day may have also exceeded the criterion.
To prevent the formation of biological nuisance growths in flowing waters, the U.S. EPA has suggested that a concentration of 0.10 mg/L for total phosphorus not be exceeded (U.S. Environmental Protection Agency, 1976). Most total phosphorus concentrations at both stations exceeded this criteria.
SUMMARY
The U.S. Geological Survey, in cooperation with the Wisconsin Department of Natural Resources, investigated the water quality of the Elk Creek basin in west-central Wisconsin during the 1980 water year. Dairy farming and cultivation of cash crops are the major agricultural activities in the basin.
The data-collection program began in October 1979 and terminated in September 1980. Its scope included determination of: (1) The suspendedsediment, nitrogen, and phosphorus loads; (2) water discharge temperature and dissolved solids; and (3) miscellaneous water-quality constituents including dissolved oxygen, pH, trace metals, alkalinity, and chloride.
Streamflow for the 1980 water year was about 28 percent greater than the 52-year average determined from a nearby, long-term gaging station record. Precipitation for the year was 36 percent greater than the long-term average.
Streamflow during the study period ranged from about the 66-percent duration flow at low flow to peak flows having between a 2-year and a 5-year flood recurrence interval.
Most of the annual suspended-sediment, organic-nitrogen, and total-phosphorus load was transported during two periods, March 16-20 and September 18-26, when annual peak flows were recorded at the gaging stations. At Bruce Valley Creek, 52 percent of the suspended sediment, 48 percent of the organic nitrogen, and 42 percent of the total phosphorus was transported during those periods. At Elk Creek 39 percent of the suspended sediment, 26 percent of the organic nitrogen, and 24 percent of the total phosphorus was transported during those periods. Most of the ammonia nitrogen load, 46 percent at Bruce Valley Creek and 36 percent at Elk Creek, was transported during the March 16-20 period.
Suspended-sediment yields were greatest at Bruce Valley Creek but comparison of double mass-accumulation curves shows loading rates to be generally the same for both stations. Total phosphorus, ammonia nitrogen, and organic-nitrogen yields were highest at Bruce Valley Creek. Because base flows were a greater percentage of total discharge at Elk Creek, nitrite plus nitrate nitrogen yields were greater at Elk Creek. Dissolved solids yields were highest at Elk Creek.
At Bruce Valley Creek small or moderate increases in stream discharge caused significant increases in specific conductance; this may indicate the presence of some water-soluable ionizable material near the stream.
Most ammonia concentrations at both streams did not exceed the DNR criterion for protection of freshwater aquatic life of 0.04 mg/L of un-ionized ammonia. In contrast, all total-phosphorus concentrations at both stations exceed the U.S. EPA criterion to prevent the formation of biological nuisance growths in flowing waters. . 
